Polarographic half-wave reduction potentials of 31 cata-condensed benzenoid hydrocarbons were estimated by using lowest unoccupied molecular orbital energies (E LUMO ), an indicator of the number of linearly-fused benzenoid rings (n), and distance-based topological indices. The first two parameters account for most of the variance. A parallelism between experimentally measured measured Diels-Alder reactivity and polarographic half-wave reduction potentials is illustrated by a correlation between these data.
Introduction
The publication of the present article was prompted by the recent paper of Nikolić, Milicević, and Trinajstić about the QSPR study of polarographic half-wave reduction potentials (E ½ values) of benzenoid hydrocarbons. 1 These hydrocarbons included a selection of E ½ values for both catacondensed and peri-condensed systems. Benzenoid polycyclic aromatic hydrocarbons (benzenoids for brevity) are uniquely characterized by their dualist graphs consisting of vertices situated in the centers of benzenoid
The connection between absorption spectra and half-wave reduction potentials of benzenoids (E ½ ) has been repeatedly mentioned in the literature. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In both cases the lowest unoccupied molecular orbital (LUMO) is involved, and electron affinities or other quantum-chemical parameters are also derived from such experimental data. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] So far, practically all quantitative structure-property relationships (QSPR) involving E ½ (including ref. 1 ) have resulted in correlations in terms of E LUMO . The literature on E ½ data was reviewed in several papers. [29] [30] [31] [32] [33] In the present study we find that a second strongly correlated parameter (not yet tested in QSPR studies of E ½ ) is the number of adjacent zeros in the code of catafusenes. We will denote this parameter by n = 1 + the number of adjacent zeros in the code. More subtle topological differences between catafusenes (having the same numbers h of benzenoid rings and numbers of anthracene portions) may be encoded in topological indices of benzenoids, possibly to be used as a third parameter in the correlations between structure and E ½ values. We restrict our study to all 31 catafusene values for E ½ reported in Bergman's paper, 8 
Results and Discussion
Data on half-wave reduction potentials and molecular descriptors for catafusenes Data of E ½ (in Volt) vs. the saturated calomel electrode using ethylene glycol monomethyl ether (cellosolve) with tetrabutylammonium iodide as supporting electrolyte as well as E LUMO values were taken from Bergman's paper. 8 An extended discussion of the reaction mechanism, the fate of the intermediate radical anion and its subsequent protonation, its ESR spectrum, and the solvents used in the polarography of benzenoids can be found in the literature.. [29] [30] [31] [32] [33] Aprotic solvents such as acetonitrile, dioxane, tetrahydrofuran, ethylenediamine, dimethylformamide, or tetramethylurea present advantages over aqueous mixtures of ethanol, isopropyl alcohol, dioxane, tetrahydrofuran. Strongly acidic media such as sulfuric acid and the presence of oxygen gas considerably influence the mechanism of the electrolytic reduction, i.e., the number of electrons involved and the intermediate products. ). 45, 46 Zeroorder indices were not included because of their high degeneracy for the present set of compounds. For catafusenes with h benzenoid rings, their nominal molecular weight (NMW) is linearly correlated with h by the relationship: NMW = 28 + 50h. All these indices were computed using DRAGON software. 47 Structural optimization was carried out using HyperChem 48 and ACD Labs software. 49 Calculations of topological indices were performed by stepwise regression using the method of maximum-R 2 .
50,51
Results and discussion of QSPR for E ½ values Figure 1 presents the structures, dualist graphs, and codes of the 31 catafusenes in the same order as in Bergman's paper 8 (which also contains 47 perifusenes that are not discussed in the present paper). Table 1 presents -E ½ values, codes, and the molecular descriptors. Table 2 contains the intercorrelations factors between the molecular descriptors and shows that all four χ-type connectivity indices have intercorrelation factors above 0.99. Table 3 presents monoparametric and biparametric correlations for -E ½ values. By far the highest correlations are seen for E LUMO and n. Figure 2 indicates that the linear monoparametric correlations between -E ½ and E LUMO on one hand, and between -E ½ and n (calculated as 1 + the number of adjacent zeros in the code) on the other hand, present the highest correlation coefficients (R 2 = 0.958 and 0.920, respectively). Although in this study n takes only integer values between 1 and 4, there is practically no overlap between the ranges of -E ½ values for these four integers; thus, the average values for each range almost perfectly vary linearly with n. [10201]
[01020] Catafusenes have been described in the literature with codes differing by interchanging digits 1 and 2; e.g., compounds 13 and 20, 16 and 19, 17 and 25, 24 and 26 are isoarithmic, i.e., they have the same number of Kekulé structures. 52 Also their -E ½ values are very close.
The plot of -E ½ vs. E LUMO has a positive slope, the plot of -E ½ vs. n has a negative slope. The former variation is due to an easier access of the available first LUMO. The latter variation is due to the fact that upon adding an electron to acene substructures the resulting radical anion has two Clar sextets (as in 9,10-dihydroanthracene), whereas the acene portion has only one Clar sextet. The longer the acene substructure the higher the delocalization of the π-electron system and the more stable the reaction product. Tables 3 and 4 ; cf. Figure 3) . Using the other molecular descriptors presented in Table 1 , we attempted to explore triparametric correlations in order to see whether more subtle differences in the topology of catafusenes may be accounted for by such indices. The results of triparametric correlations in terms of E LUMO , n, and one other molecular descriptor are displayed in Table 5 . It can be seen that no distance-based topological index provides a better correlation than the number h of benzenoid rings. Since the best triparametric correlation in terms of E LUMO , n, and h increases the value of R 2 only from 0.974 (model 15 in Table 3 and Figure 3) Parallelism between polarographic half-wave reduction potentials and Diels-Alder reactivity of catafusenes With samples of benzenoids provided by Clar in the 1980s, Biermann and Schmidt measured spectrophotometrically the rates of Diels-Alder reactions of polycyclic benzenoids with an excess of maleic anhydride under carefully controlled conditions in 1,2,4-trichlorobenzene solution at 91.5 ± 0.1 °C. [55] [56] [57] It was known that anthracene readily reacts with dienophiles or arynes, and that phenanthrene or other fibonacenes 58 do not. Fibonacenes have no zeros in their code. The reaction rate is presented in the following as
If there are several sites for the cycloaddition, the measured rate may be divided by the number of sites (which can be 1, 2, or 3) to obtain V(diene)/site. In 1985, in a joint paper with one of us, the diene reactivity of benzenoids was rationalized using dualist graphs and equations derived from their topology. 59 The variables were the longest acene portion (parameter n) and a "form parameter" (f) depending on the annelation type at the ends of the acene moiety. 60 The values of this parameter f ranged from 1 (for no kinked annelation) to 9 (for four kinked ends). The straight lines calculated from equation (1) for the reaction rate (log k 2 ) meet at one point.
60
(6 + log k 2 ) calc = (9.24 + 0.50f)log n + 0.81 -0.53f Eq.
(1) Values of the shape parameter f can be seen in Figure 4 . Parameter n influences both the Diels-Alder reactivity and the polarographic reduction potentials of benzenoids; Table 6 and Figure 5 present data and correlations between these two sets of experimental data. With no anthracene moiety (no zeros in the code) the catafusene does not undergo a Diels-Alder addition with maleic anhydride. There is a significant correlation and not much of a difference between correlations involving the measured reaction rate or the measured reaction rate per site. Table 6 . Catafusenes with parameters, Diels-Alder reactivity and half-wave reduction potentials Because all three experimentally determined properties of catafusenes (electronic absorption spectra, half-wave reduction potentials, and Diels-Alder reactivity) are determined by the same factors, namely the energy levels of HOMO-LUMO, it is logical that there should be correlations between these data. It is remarkable that parameters derived from a simple graph-theoretical model (the dualist graph of the catafusene) can provide satisfactory correlations with the data characterizing these phenomena. Attempted correlations between -E 1/2 and E LUMO , n, and f The monoparametric dependence of -E 1/2 versus E LUMO , illustrated by Fig. 2 , becomes improved in the biparametric correlation in terms of E LUMO and n, displayed by Fig. 3 . On adding the shape parameter f for the dualist graph of the catafusene, the result is illustrated by Fig. 6 . It can be seen that upon adding f as a third parameter (which for Diels-Alder reactivity had led to improved correlation), here there is no improvement of R 2 , and the standard error even increases. Therefore triparametric correlations in terms of E LUMO , n and either h or f are practically equivalent and they do not add substantial improvements to the biparametric regression shown in Fig. 3 and in the Graphical Abstract in terms of E LUMO and n (R 2 = 0.974,
S.E. = 0.036).
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Conclusions
It is shown that dualist graphs of catafusenes encode sufficient information for explaining satisfactorily the variance of half-wave reduction potentials (E ½ ) of 31 cata-condensed benzenoids. For the same catafusenes, earlier work had outlined correlations between E ½ and the absorption maxima in the UV absorption spectra. Here we present a third type of phenomenon that is quantitatively related to E ½ , namely reaction rates with dienophiles.
